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Do4: 261,625565 Hz  
Do#4: 277,182631 Hz  
Re4: 293,664768 Hz  
Re#4: 311,126984 Hz  
Mi4: 329,627557 Hz  
Fa4: 349,228231 Hz  
Fa#4: 369,994423 Hz  
Sol4: 391,995436 Hz  
Sol#4: 415,304698 Hz  
La4: 440,000000 Hz  
La#4: 466,163762 Hz  
Si4: 493,883301 Hz  
Do5: 523,251131 Hz  
Do#5: 554,365262 Hz  
Re5: 587,329536 Hz  
Re#5: 622,253967 Hz  
Mi5: 659,255114 Hz  
Fa5: 698,456463 Hz  
Fa#5: 739,988845 Hz  
Sol5: 783,990872 Hz  
Sol#5: 830,609395 Hz  
La5: 880,000000 Hz  
La#5: 932,327523 Hz  
Si5: 987,766603 Hz  
Do6: 1046,502261 Hz  
Do#6: 1108,730524 Hz  
Re6: 1174,659072 Hz  
Re#6: 1244,507935 Hz  
Mi6: 1318,510228 Hz  
Fa6: 1396,912926 Hz  
Fa#6: 1479,977691 Hz  
Sol6: 1567,981744 Hz  
Sol#6: 1661,218790 Hz  
La6: 1760,000000 Hz  
La#6: 1864,655046 Hz  
Si6: 1975,533205 Hz  
Do7: 2093,004522 Hz  
Do#7: 2217,461048 Hz  
Re7: 2349,318143 Hz  
Re#7: 2489,015870 Hz  
Mi7: 2637,020455 Hz  
Fa7: 2793,825851 Hz  
Fa#7: 2959,955382 Hz  
Sol7: 3135,963488 Hz  
Sol#7: 3322,437581 Hz  
La7: 3520,000000 Hz  
La#7: 3729,310092 Hz  
Si7: 3951,066410 Hz  
 
Do8: 4186,009045 Hz  
Do#8: 4434,922096 Hz  
Re8: 4698,636287 Hz  
Re#8: 4978,031740 Hz  
Mi8: 5274,040911 Hz  
Fa8: 5587,651703 Hz  
Fa#8: 5919,910763 Hz  
Sol8: 6271,926976 Hz  
Sol#8: 6644,875161 Hz  
La8: 7040,000000 Hz  
La#8: 7458,620184 Hz  
Si8: 7902,132820 Hz  
Do9: 8372,018090 Hz  
Do#9: 8869,844191 Hz  
Re9: 9397,272573 Hz  
Re#9: 9956,063479 Hz  
Mi9: 10548,081821 Hz  
Fa9: 11175,303406 Hz  
Fa#9: 11839,821527 Hz  
Sol9: 12543,853951 Hz  
Sol#9: 13289,750323 Hz  
La9: 14080,000000 Hz  
La#9: 14917,240369 Hz  
Si9: 15804,265640 Hz  
 
Do0: 16,351598 Hz  
Do#0: 17,323914 Hz  
Re0: 18,354048 Hz  
Re#0: 19,445436 Hz  
Mi0: 20,601722 Hz  
Fa0: 21,826764 Hz  
Fa#0: 23,124651 Hz  
Sol0: 24,499715 Hz  
Sol#0: 25,956544 Hz  
La0: 27,500000 Hz  
La#0: 29,135235 Hz  
Si0: 30,867706 Hz  
Do1: 32,703196 Hz  
Do#1: 34,647829 Hz  
Re1: 36,708096 Hz  
Re#1: 38,890873 Hz  
Mi1: 41,203445 Hz  
Fa1: 43,653529 Hz  
Fa#1: 46,249303 Hz  
Sol1: 48,999429 Hz  
Sol#1: 51,913087 Hz  
La1: 55,000000 Hz  
La#1: 58,270470 Hz  
Si1: 61,735413 Hz  
Do2: 65,406391 Hz  
Do#2: 69,295658 Hz  
Re2: 73,416192 Hz  
Re#2: 77,781746 Hz  
Mi2: 82,406889 Hz  
Fa2: 87,307058 Hz  
Fa#2: 92,498606 Hz  
Sol2: 97,998859 Hz  
Sol#2: 103,826174 Hz  
La2: 110,000000 Hz  
La#2: 116,540940 Hz  
Si2: 123,470825 Hz  
Do3: 130,812783 Hz  
Do#3: 138,591315 Hz  
Re3: 146,832384 Hz  
Re#3: 155,563492 Hz  
Mi3: 164,813778 Hz  
Fa3: 174,614116 Hz  
Fa#3: 184,997211 Hz  
Sol3: 195,997718 Hz  
Sol#3: 207,652349 Hz  
La3: 220,000000 Hz  
La#3: 233,081881 Hz  
Si3: 246,941651 Hz  
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Nombre 
Nota 
Octava 
Núm 
Nota 
Freq octava 
9x10^4 
Freq 
ajustada 
(Hz) 
Periodo ajustado 
(us) 
Period 
presc 
1:1 
(us) 
Period 
presc 
1:4 
(us) 
Period 
presc 
1:16 
(us) 
Máximo 
Duty 
Cycle 
DutyCycle 
Recomendado 
C Do 9 0 83720181 8372,0181 119,4455133823 118 29 6,4653 30 14,9307 
C# 
Domenor 
9 1 88698442 8869,8442 112,7415518753 112 27 6,0463 28 14,0927 
D Re 9 2 93972725 9397,2725 106,4138557225 105 26 5,6509 27 13,3017 
D# 
Remenor 
9 3 99560635 9956,0635 100,441303935 99 24 5,2776 25 12,5552 
E Mi 9 4 105480818 10548,0818 94,8039671061 94 23 4,9252 24 11,8505 
F Fa 9 5 111753034 11175,3034 89,4830291587 88 21 4,5927 22 11,1854 
F#  
Famenor 
9 6 118398215 11839,8215 84,4607327906 83 20 4,2788 21 10,5576 
G Sol 9 7 125438539 12543,8539 79,7203162578 79 19 3,9825 20 9,9650 
G# 
Solmenor 
9 8 132897503 13289,7503 75,2459585339 74 18 3,7029 19 9,4057 
A La 9 9 140800000 14080 71,0227272727 70 17 3,4389 18 8,8778 
A#  
Lamenor 
9 10 149172404 14917,2404 67,0365277481 66 16 3,1898 17 8,3796 
B Si 9 11 158042656 15804,2656 63,274056847 62 15 2,9546 16 7,9093 
 
 
 
Nombre 
Nota 
Octava 
Núm 
Nota 
Freq 
octava 
9x10^4 
Freq 
ajustada 
(Hz) 
Periodo ajustado 
(us) 
Period 
presc 
1:1 
(us) 
Period 
presc 
1:4 
(us) 
Period 
presc 
1:16 
(us) 
Máximo 
Duty 
Cycle 
DutyCycle 
Recomendado 
C Do 8 0 83720181 4186,00905 238,8910267645 238 59 13,9307 60 29,8614 
C#  
Domenor 
8 1 88698442 4434,9221 225,4831037506 224 55 13,0927 56 28,1854 
D Re 8 2 93972725 4698,63625 212,827711445 212 52 12,3017 53 26,6035 
D#  
Remenor 
8 3 99560635 4978,03175 200,8826078701 200 49 11,5552 50 25,1103 
E Mi 8 4 105480818 5274,0409 189,6079342123 189 46 10,8505 47 23,7010 
F Fa 8 5 111753034 5587,6517 178,9660583175 178 44 10,1854 45 22,3708 
F#  
Famenor 
8 6 118398215 5919,91075 168,9214655812 168 41 9,5576 42 21,1152 
G Sol 8 7 125438539 6271,92695 159,4406325157 158 39 8,9650 40 19,9301 
G# 
Solmenor 
8 8 132897503 6644,87515 150,4919170678 149 37 8,4057 38 18,8115 
A La 8 9 140800000 7040 142,0454545455 141 35 7,8778 36 17,7557 
A#  
Lamenor 
8 10 149172404 7458,6202 134,0730554962 133 33 7,3796 34 16,7591 
B Si 8 11 158042656 7902,1328 126,5481136941 126 31 6,9093 32 15,8185 
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Nombre 
Nota 
Octava 
Núm 
Nota 
Freq 
octava 
9x10^4 
Freq 
ajustada (Hz) 
Periodo ajustado 
(us) 
Period 
presc 
1:1 
(us) 
Period 
presc 
1:4 
(us) 
Period 
presc 
1:16 
(us) 
Máximo 
Duty 
Cycle 
DutyCycle 
Recomendado 
C Do 7 0 83720181 2093,004525 477,782053529 477 118 28,8614 119 59,7228 
C#  
Domenor 
7 1 88698442 2217,46105 450,9662075011 450 112 27,1854 113 56,3708 
D Re 7 2 93972725 2349,318125 425,65542289 425 105 25,6035 106 53,2069 
D#  
Remenor 
7 3 99560635 2489,015875 401,7652157401 401 99 24,1103 100 50,2207 
E Mi 7 4 105480818 2637,02045 379,2158684245 378 94 22,7010 95 47,4020 
F Fa 7 5 111753034 2793,82585 357,932116635 357 88 21,3708 89 44,7415 
F#  
Famenor 
7 6 118398215 2959,955375 337,8429311624 337 83 20,1152 84 42,2304 
G Sol 7 7 125438539 3135,963475 318,8812650313 318 79 18,9301 80 39,8602 
G# 
Solmenor 
7 8 132897503 3322,437575 300,9838341357 300 74 17,8115 75 37,6230 
A La 7 9 140800000 3520 284,0909090909 283 70 16,7557 71 35,5114 
A#  
Lamenor 
7 10 149172404 3729,3101 268,1461109925 267 66 15,7591 67 33,5183 
B Si 7 11 158042656 3951,0664 253,0962273881 252 62 14,8185 63 31,6370 
 
 
 
Nombre 
Nota 
Octava 
Núm 
Nota 
Freq 
octava 
9x10^4 
Freq ajustada 
(Hz) 
Periodo ajustado 
(us) 
Period 
presc 
1:1 
(us) 
Period 
presc 
1:4 
(us) 
Period 
presc 
1:16  
(us) 
Máximo 
Duty 
Cycle 
DutyCycle 
Recomendado 
C Do 6 0 83720181 1046,5022625 955,564107058 955 238 58,7228 239 119,4455 
C# 
Domenor 
6 1 88698442 1108,730525 901,9324150023 901 224 55,3708 225 112,7416 
D Re 6 2 93972725 1174,6590625 851,31084578 850 212 52,2069 213 106,4139 
D# 
Remenor 
6 3 99560635 1244,5079375 803,5304314803 803 200 49,2207 201 100,4413 
E Mi 6 4 105480818 1318,510225 758,4317368491 757 189 46,4020 190 94,8040 
F Fa 6 5 111753034 1396,912925 715,8642332699 715 178 43,7415 179 89,4830 
F# 
Famenor 
6 6 118398215 1479,9776875 675,6858623249 675 168 41,2304 169 84,4607 
G Sol 6 7 125438539 1567,9817375 637,7625300626 637 158 38,8602 159 79,7203 
G# 
Solmenor 
6 8 132897503 1661,2187875 601,9676682714 601 149 36,6230 150 75,2460 
A La 6 9 140800000 1760 568,1818181818 567 141 34,5114 142 71,0227 
A# 
Lamenor 
6 10 149172404 1864,65505 536,292221985 535 133 32,5183 134 67,0365 
B Si 6 11 158042656 1975,5332 506,1924547763 505 126 30,6370 127 63,2741 
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Nombre 
Nota 
Octava 
Núm 
Nota 
Freq 
octava 
9x10^4 
Freq ajustada 
(Hz) 
Periodo ajustado 
(us) 
Period 
presc 
1:1 
(us) 
Period 
presc 
1:4 
(us) 
Period 
presc 
1:16 (us) 
Máximo 
Duty 
Cycle 
DutyCycle 
Recomendado 
C Do 5 0 83720181 523,25113125 1911,128214116 1910 477 118,4455 478 238,8910 
C# 
Domenor 
5 1 88698442 554,3652625 1803,8648300046 1803 450 111,7416 451 225,4831 
D Re 5 2 93972725 587,32953125 1702,62169156 1702 425 105,4139 426 212,8277 
D# 
Remenor 
5 3 99560635 622,25396875 1607,0608629606 1606 401 99,4413 402 200,8826 
E Mi 5 4 105480818 659,2551125 1516,8634736981 1516 378 93,8040 379 189,6079 
F Fa 5 5 111753034 698,4564625 1431,7284665399 1431 357 88,4830 358 178,9661 
F# 
Famenor 
5 6 118398215 739,98884375 1351,3717246497 1350 337 83,4607 338 168,9215 
G Sol 5 7 125438539 783,99086875 1275,5250601253 1275 318 78,7203 319 159,4406 
G# 
Solmenor 
5 8 132897503 830,60939375 1203,9353365428 1203 300 74,2460 301 150,4919 
A La 5 9 140800000 880 1136,3636363636 1135 283 70,0227 284 142,0455 
A# 
Lamenor 
5 10 149172404 932,327525 1072,58444397 1072 267 66,0365 268 134,0731 
B Si 5 11 158042656 987,7666 1012,3849095525 1011 252 62,2741 253 126,5481 
Nombre 
Nota 
Octava 
Núm 
Nota 
Freq 
octava 
9x10^4 
Freq ajustada 
(Hz) 
Periodo ajustado 
(us) 
Period 
presc 
1:1 
(us) 
Period 
presc 
1:4 
(us) 
Period 
presc 
1:16 (us) 
Máximo 
Duty 
Cycle 
DutyCycle 
Recomendado 
C Do 4 0 83720181 261,625565625 3822,256428232 3821 955 237,8910 956 477,7821 
C# 
Domenor 
4 1 88698442 277,18263125 3607,7296600091 3607 901 224,4831 902 450,9662 
D Re 4 2 93972725 293,664765625 3405,24338312 3404 850 211,8277 851 425,6554 
D# 
Remenor 
4 3 99560635 311,126984375 3214,1217259211 3213 803 199,8826 804 401,7652 
E Mi 4 4 105480818 329,62755625 3033,7269473963 3033 757 188,6079 758 379,2159 
F Fa 4 5 111753034 349,22823125 2863,4569330798 2862 715 177,9661 716 357,9321 
F# 
Famenor 
4 6 118398215 369,994421875 2702,7434492995 2702 675 167,9215 676 337,8429 
G Sol 4 7 125438539 391,995434375 2551,0501202505 2550 637 158,4406 638 318,8813 
G# 
Solmenor 
4 8 132897503 415,304696875 2407,8706730856 2407 601 149,4919 602 300,9838 
A La 4 9 140800000 440 2272,7272727273 2272 567 141,0455 568 284,0909 
A# 
Lamenor 
4 10 149172404 466,1637625 2145,1688879399 2144 535 133,0731 536 268,1461 
B Si 4 11 158042656 493,8833 2024,769819105 2024 505 125,5481 506 253,0962 
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Nombre 
Nota 
Octava 
Núm 
Nota 
Freq octava 
9x10^4 
Freq ajustada 
(Hz) 
Periodo 
ajustado 
(us) 
Periodo 
interrupt 
(us) 
Precarga 
teórica 
(us) 
Precarga 
corregida 
(us) 
C Do 3 0 83720181 130,8127828125 7644,5129 3822,2564 61714 62094 
C# Domenor 3 1 88698442 138,591315625 7215,4593 3607,7297 61928 62308 
D Re 3 2 93972725 146,8323828125 6810,4868 3405,2434 62131 62511 
D# Remenor 3 3 99560635 155,5634921875 6428,2435 3214,1217 62322 62702 
E Mi 3 4 105480818 164,813778125 6067,4539 3033,7269 62502 62882 
F Fa 3 5 111753034 174,614115625 5726,9139 2863,4569 62673 63053 
F# Famenor 3 6 118398215 184,9972109375 5405,4869 2702,7434 62833 63213 
G Sol 3 7 125438539 195,9977171875 5102,1002 2551,0501 62985 63365 
G# Solmenor 3 8 132897503 207,6523484375 4815,7413 2407,8707 63128 63508 
A La 3 9 140800000 220 4545,4545 2272,7273 63263 63643 
A# Lamenor 3 10 149172404 233,08188125 4290,3378 2145,1689 63391 63771 
B Si 3 11 158042656 246,94165 4049,5396 2024,7698 63511 63891 
 
 
 
 
Nombre Nota Octava 
Núm 
Nota 
Freq octava 
9x10^4 
Freq ajustada 
(Hz) 
Periodo 
ajustado 
(us) 
Periodo 
interrupt 
(us) 
Precarga 
teórica 
(us) 
Precarga 
corregida 
(us) 
C Do 2 0 83720181 65,4063914063 15289,0257 7644,5129 57891 58271 
C# Domenor 2 1 88698442 69,2956578125 14430,9186 7215,4593 58321 58701 
D Re 2 2 93972725 73,4161914063 13620,9735 6810,4868 58726 59106 
D# Remenor 2 3 99560635 77,7817460938 12856,4869 6428,2435 59108 59488 
E Mi 2 4 105480818 82,4068890625 12134,9078 6067,4539 59469 59849 
F Fa 2 5 111753034 87,3070578125 11453,8277 5726,9139 59809 60189 
F# Famenor 2 6 118398215 92,4986054688 10810,9738 5405,4869 60131 60511 
G Sol 2 7 125438539 97,9988585938 10204,2005 5102,1002 60434 60814 
G# Solmenor 2 8 132897503 103,8261742188 9631,4827 4815,7413 60720 61100 
A La 2 9 140800000 110 9090,9091 4545,4545 60991 61371 
A# Lamenor 2 10 149172404 116,540940625 8580,6756 4290,3378 61246 61626 
B Si 2 11 158042656 123,470825 8099,0793 4049,5396 61486 61866 
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Nombre Nota Octava 
Núm 
Nota 
Freq octava 
9x10^4 
Freq ajustada 
(Hz) 
Periodo 
ajustado 
(us) 
Periodo 
interrupt 
(us) 
Precarga 
teórica 
(us) 
Precarga 
corregida 
(us) 
C Do 1 0 83720181 32,7031957031 30578,0514 15289,0257 50247 50627 
C# Domenor 1 1 88698442 34,6478289063 28861,8373 14430,9186 51105 51485 
D Re 1 2 93972725 36,7080957031 27241,9471 13620,9735 51915 52295 
D# Remenor 1 3 99560635 38,8908730469 25712,9738 12856,4869 52680 53060 
E Mi 1 4 105480818 41,2034445313 24269,8156 12134,9078 53401 53781 
F Fa 1 5 111753034 43,6535289063 22907,6555 11453,8277 54082 54462 
F# Famenor 1 6 118398215 46,2493027344 21621,9476 10810,9738 54725 55105 
G Sol 1 7 125438539 48,9994292969 20408,4010 10204,2005 55332 55712 
G# Solmenor 1 8 132897503 51,9130871094 19262,9654 9631,4827 55905 56285 
A La 1 9 140800000 55 18181,8182 9090,9091 56445 56825 
A# Lamenor 1 10 149172404 58,2704703125 17161,3511 8580,6756 56955 57335 
B Si 1 11 158042656 61,7354125 16198,1586 8099,0793 57437 57817 
 
 
 
 
Nombre Nota Octava 
Núm 
Nota 
Freq octava 
9x10^4 
Freq ajustada 
(Hz) 
Periodo 
ajustado 
(us) 
Periodo 
interrupt 
(us) 
Precarga 
teórica 
(us) 
Precarga 
corregida 
(us) 
C Do 0 0 83720181 16,3515978516 61156,1029 30578,0514 34958 35338 
C# Domenor 0 1 88698442 17,3239144531 57723,6746 28861,8373 36674 37054 
D Re 0 2 93972725 18,3540478516 54483,8941 27241,9471 38294 38674 
D# Remenor 0 3 99560635 19,4454365234 51425,9476 25712,9738 39823 40203 
E Mi 0 4 105480818 20,6017222656 48539,6312 24269,8156 41266 41646 
F Fa 0 5 111753034 21,8267644531 45815,3109 22907,6555 42628 43008 
F# Famenor 0 6 118398215 23,1246513672 43243,8952 21621,9476 43914 44294 
G Sol 0 7 125438539 24,4997146484 40816,8019 20408,4010 45128 45508 
G# Solmenor 0 8 132897503 25,9565435547 38525,9308 19262,9654 46273 46653 
A La 0 9 140800000 27,5 36363,6364 18181,8182 47354 47734 
A# Lamenor 0 10 149172404 29,1352351563 34322,7022 17161,3511 48375 48755 
B Si 0 11 158042656 30,86770625 32396,3171 16198,1586 49338 49718 
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Los archivos de extensión *.h para cada librería contienen por un lado las cabeceras de 
las funciones de dicha librería y por otro lado las definiciones de constantes. A 
continuación se adjunta el archivo soundhardware.h a modo de ejemplo. 
 
#ifndef soundhardware 
#define soundhardware 
 
/** CONSTANTS ****************************************************************/ 
#define Do 0 
#define Dom 1 
#define Re 2 
#define Rem 3 
#define Mi 4 
#define Fa 5 
#define Fam 6 
#define Sol 7 
#define Solm 8 
#define La 9 
#define Lam 10 
#define Si 11 
#define corchera 12 
#define blanca 13 
#define negra 14 
#define blancap 15 
#define semicorchera 16 
#define fusa 17 
#define semifusa 18 
#define negrap 19 
 
/** P R O T O T Y P E S ******************************************************/ 
void Playoctnote(unsigned char octave, unsigned char note); 
void Findnoteduration (unsigned char duracion);  
void InitSound(void); 
void StopSound (unsigned char duracion);  
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Únicamente varían las cabeceras y constantes para la librería general. Se adjunta a 
continuación el archivo sound.h . 
#ifndef sound 
#define sound 
 
/** CONSTANTS ****************************************************************/ 
#define Do 0 
#define Dom 1 
#define Re 2 
#define Rem 3 
#define Mi 4 
#define Fa 5 
#define Fam 6 
#define Sol 7 
#define Solm 8 
#define La 9 
#define Lam 10 
#define Si 11 
#define corchera 12 
#define blanca 13 
#define negra 14 
#define blancap 15 
#define semicorchera 16 
#define fusa 17 
#define semifusa 18 
#define negrap 19 
#define SI 20 
#define NO 21 
 
 
/** P R O T O T Y P E S ******************************************************/ 
void InterruptHandlerHigh(); 
void Playhighoctnote(unsigned char octave, unsigned char note); 
void Findnoteduration (unsigned char duracion);  
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void InitSound(void); 
void InitSoftware(void); 
void InitHardware(void); 
void CloseSoftware(void); 
void CloseHardware(void); 
void Playlowoctnote(unsigned char octave, unsigned char note); 
void StopSound (unsigned char duracion,unsigned char previousoctave);  
void Playoctnote (unsigned char newoctave, unsigned char previousoctave, unsigned 
char note, unsigned char first); 
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A continuación se presenta el código del archivo de extensión *.c de cada librería. 
 
/********************************************************************** 
 * 
 *                 p18f4520 - Experimenting with sounds 
 * 
 ********************************************************************** 
 * FileName:        soundhardware.c 
 * Processor:       PIC18 
 * Compiler:        MPLAB C18 
 * Author:      Alberto Manchado 
 * Date:            08/12/2014 
 **********************************************************************/ 
 
/****** I N C L U D E S ***********************************************/ 
 
#include "soundhardware.h" // Sound libraries  
#include <math.h>   // Math libraries 
#include <p18f4520.h>  // MCU Registers 
#include <delays.h>   // Delay libraries 
#include <timers.h>   // Timer libraries 
#include <pwm.h>    // PWM libraries 
#include "ConfigBits.h"  // Configuration Bits for the MCU 
 
 
/********************************************************************** 
* Function:        void InitSound(void) 
* PreCondition:    Should have connected BUZ to RC2 pin  
* Input:   None  
* Output:    None  
* Overview:    Initializations  
***********************************************************************/ 
 
void InitSound(void) { 
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LATCbits.LATC2 = 0; 
 // I/O Ports configuration 
 TRISCbits.TRISC2 = 0; // Configure RC2 pin as an output 
 
 OpenTimer2(TIMER_INT_OFF & T2_PS_1_16); // PRESCALER = 16 
} 
 
/********************************************************************** 
* Function:        void Playoctnote(unsigned char octave, unsigned char note) 
* PreCondition:    Initializations should be done first 
* Input:   Octave and note to play  
* Output:    None  
* Overview:    Plays the note  
***********************************************************************/ 
void Playoctnote(unsigned char octave, unsigned char note){ 
float noct9,exp,notareal; 
unsigned char period; 
unsigned int dutycycle; 
 
switch(note){ 
case Do: 
noct9 = 8372.0181; 
break; 
case Dom: 
noct9 = 8869.8442; 
break; 
case Re: 
noct9 = 9397.2725; 
break; 
case Rem:  
noct9 = 9956.0635; 
break; 
case Mi: 
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noct9 = 10548.0818; 
break; 
case Fa: 
noct9 = 11175.3034; 
break; 
case Fam: 
noct9 = 11839.8215; 
break; 
case Sol: 
noct9 = 12543.8539; 
break; 
case Solm: 
noct9 = 13289.7503; 
break; 
case La: 
noct9 = 14080.0; 
break; 
case Lam: 
noct9 = 14917.2404; 
break; 
case Si: 
noct9 = 15804.2656; 
break; 
}  //Set note freq. in 9th octave 
 
exp= (9 - octave); 
 
notareal = (noct9/pow (2,exp)); //Calculate note freq. in correct octave 
 
period=(1000000000/(notareal*4*250*16))-1; //Calculate period 
 
dutycycle=(1000000/notareal)/(2*0.25*16); //Calculate duty cycle 
 
OpenPWM1(period);  //Play the note 
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SetDCPWM1(dutycycle); //Set a duty cycle 
} 
 
/********************************************************************** 
* Function:        void Findnoteduration (unsigned char duracion) 
* PreCondition:    Initializations should be done first, void Playoctnote should be called 
just before this void  
* Input:   Musical duration of the note  
* Output:    None  
* Overview:    Sets duration of the note at 100 bpm , 3/4 bar 
***********************************************************************/ 
 
void Findnoteduration (unsigned char duracion){ 
 
switch (duracion){   //Set note duration 
 
case negra : 
Delay10KTCYx(60); 
break; 
case corchera: 
Delay10KTCYx(30); 
break; 
case semicorchera: 
Delay10KTCYx(15); 
break; 
case fusa: 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
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Delay10KTCYx(120); 
break; 
case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
 
}        
} 
 
/********************************************************************** 
* Function:        void StopSound (unsigned char duracion)  
* PreCondition:    Initializations should be done first  
* Input:   Musical duration of the silence 
* Output:    None  
* Overview:    Stops sound for the established duration  
***********************************************************************/ 
 
void StopSound (unsigned char duracion) { 
 
switch (duracion){   //Set silence duration 
 
case negra : 
SetDCPWM1(0); 
Delay10KTCYx(60); 
break; 
case corchera: 
SetDCPWM1(0); 
Delay10KTCYx(30); 
break; 
case semicorchera: 
SetDCPWM1(0); 
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Delay10KTCYx(15); 
break; 
case fusa: 
SetDCPWM1(0); 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
SetDCPWM1(0); 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
SetDCPWM1(0); 
Delay10KTCYx(120); 
break; 
case blancap: 
SetDCPWM1(0); 
Delay10KTCYx(180); 
break; 
case negrap: 
SetDCPWM1(0); 
Delay10KTCYx(90); 
break; 
}        
} 
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/********************************************************************** 
 * 
 *                 p18f4520 - Experimenting with sounds 
 * 
 ********************************************************************** 
 * FileName:        optsoundhardware.c 
 * Processor:       PIC18 
 * Compiler:        MPLAB C18 
 * Author:      Alberto Manchado 
 * Date:            08/12/2014 
 **********************************************************************/ 
 
/****** I N C L U D E S ***********************************************/ 
 
#include "optsoundhardware.h" // Sound libraries  
#include <math.h>   // Math libraries 
#include <p18f4520.h>  // MCU Registers 
#include <delays.h>   // Delay libraries 
#include <timers.h>   // Timer libraries 
#include <pwm.h>    // PWM libraries 
#include "ConfigBits.h"  // Configuration Bits for the MCU 
 
/****** GLOBAL CONSTANTS ***********************************************/ 
 
const rom unsigned char period[12][6]={{238,118,59,29,14,6}, 
     {224,112,55,27,13,6}, 
     {212,105,52,26,12,6}, 
     {200,99,49,24,12,5}, 
     {189,94,46,23,11,5}, 
     {178,88,44,21,10,5}, 
     {168,83,41,20,10,4}, 
     {158,79,39,19,9,4}, 
     {149,74,37,18,8,4}, 
     {141,70,35,17,8,3}, 
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     {133,66,33,16,7,3}, 
     {126,62,31,15,7,3}}; 
 
const rom unsigned int dutycycle[12][6]={{478,239,119,60,30,15}, 
     {451,225,113,56,28,14}, 
     {426,213,106,53,27,13}, 
     {402,201,100,50,25,13}, 
     {379,190,95,47,24,12}, 
     {358,179,89,45,22,11}, 
     {338,169,84,42,21,11}, 
     {319,159,80,40,20,10}, 
     {301,150,75,38,19,9}, 
     {284,142,71,36,18,9}, 
     {268,134,67,34,17,8}, 
     {253,127,63,32,16,8}}; 
 
/********************************************************************** 
* Function:        void InitSound(void) 
* PreCondition:    Should have connected BUZ to RC2 pin  
* Input:   None  
* Output:    None  
* Overview:    Initializations  
***********************************************************************/ 
 
 
void InitSound(void) { 
 
LATCbits.LATC2 = 0; 
 // I/O Ports configuration 
 TRISCbits.TRISC2 = 0; // Configure RC2 pin as an output 
 
 OpenTimer2(TIMER_INT_OFF & T2_PS_1_16); // PRESCALER = 16 
} 
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/********************************************************************** 
* Function:        void Playoctnote(unsigned char octave, unsigned char note) 
* PreCondition:    Initializations should be done first 
* Input:   Octave and note to play  
* Output:    None  
* Overview:    Plays the note  
***********************************************************************/ 
void Playoctnote(unsigned char octave, unsigned char note){ 
OpenPWM1(period[note][octave-4]); //Play the note 
SetDCPWM1(dutycycle[note][octave-4]); //Set a duty cycle 
} 
 
/********************************************************************** 
* Function:        void Findnoteduration (unsigned char duracion) 
* PreCondition:    Initializations should be done first, void Playoctnote should be called 
just before this void  
* Input:   Musical duration of the note  
* Output:    None  
* Overview:    Sets duration of the note at 100 bpm , 3/4 bar 
***********************************************************************/ 
 
void Findnoteduration (unsigned char duracion){ 
 
switch (duracion){   //Set note duration 
 
case negra : 
Delay10KTCYx(60); 
break; 
case corchera: 
Delay10KTCYx(30); 
break; 
case semicorchera: 
Delay10KTCYx(15); 
break; 
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case fusa: 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
Delay10KTCYx(120); 
break; 
case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
 
}        
} 
 
/********************************************************************** 
* Function:        void StopSound (unsigned char duracion)  
* PreCondition:    Initializations should be done first  
* Input:   Musical duration of the silence 
* Output:    None  
* Overview:    Stops sound for the established duration  
***********************************************************************/ 
 
void StopSound (unsigned char duracion) { 
switch (duracion){   //Set silence duration 
case negra : 
SetDCPWM1(0); 
Delay10KTCYx(60); 
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break; 
case corchera: 
SetDCPWM1(0); 
Delay10KTCYx(30); 
break; 
case semicorchera: 
SetDCPWM1(0); 
Delay10KTCYx(15); 
break; 
case fusa: 
SetDCPWM1(0); 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
SetDCPWM1(0); 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
SetDCPWM1(0); 
Delay10KTCYx(120); 
break; 
case blancap: 
SetDCPWM1(0); 
Delay10KTCYx(180); 
break; 
case negrap: 
SetDCPWM1(0); 
Delay10KTCYx(90); 
break; 
}        
} 
 
ANEXO C- Experimentación con sonidos en la placa de desarrollo Open18F4520 Pág. 15 
 
 
 
/********************************************************************** 
 * 
 *                 p18f4520 - Experimenting with sounds 
 * 
 ********************************************************************** 
 * FileName:        soundsoftware.c 
 * Processor:       PIC18 
 * Compiler:        MPLAB C18 
 * Author:      Alberto Manchado 
 * Date:            08/12/2014 
 **********************************************************************/ 
 
/****** I N C L U D E S ***********************************************/ 
 
#include "soundsoftware.h" // Sound libraries  
#include <math.h>   // Math libraries 
#include <p18f4520.h>  // MCU Registers 
#include <delays.h>   // Delay libraries 
#include <timers.h>   // Timer libraries 
#include "ConfigBits.h"  // Configuration Bits for the MCU 
 
 
/****** GLOBAL CONSTANTS ***********************************************/ 
unsigned int precarga; 
 
/********************************************************************** 
* Function:        void InitSound(void) 
* PreCondition:    Should have connected BUZ to RC2 pin 
* Input:   None 
* Output:    None  
* Overview:    Initializations  
***********************************************************************/ 
void InitSound(void){ 
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LATCbits.LATC2 = 0; 
 // I/O Ports configuration 
 TRISCbits.TRISC2 = 0; // Configure RC2 pin as an output 
 
 OpenTimer0(TIMER_INT_ON & T0_16BIT & T0_SOURCE_INT& T0_PS_1_1);
 // PRESCALER = 1, 16 BIT 
INTCON2bits.TMR0IP = 1; // High priority for Timer0 
 RCONbits.IPEN = 1;   // Enable priority levels 
 INTCONbits.GIEH = 1;  // Enable interrupts (global bit)  
} 
 
/********************************************************************** 
* Function:        void Playoctnote(unsigned char octave, unsigned char note) 
* PreCondition:    Initializations should be done first 
* Input:   Octave and note to play  
* Output:    None  
* Overview:    Plays the note  
***********************************************************************/ 
void Playoctnote(unsigned char octave, unsigned char note){ 
float noct9,exp,notareal,period; 
 
switch(note){ 
case Do: 
noct9 = 8372.0181; 
break; 
case Dom: 
noct9 = 8869.8442; 
break; 
case Re: 
noct9 = 9397.2725; 
break; 
case Rem:  
noct9 = 9956.0635; 
break; 
ANEXO C- Experimentación con sonidos en la placa de desarrollo Open18F4520 Pág. 17 
 
 
 
case Mi: 
noct9 = 10548.0818; 
break; 
case Fa: 
noct9 = 11175.3034; 
break; 
case Fam: 
noct9 = 11839.8215; 
break; 
case Sol: 
noct9 = 12543.8539; 
break; 
case Solm: 
noct9 = 13289.7503; 
break; 
case La: 
noct9 = 14080.0; 
break; 
case Lam: 
noct9 = 14917.2404; 
break; 
case Si: 
noct9 = 15804.2656; 
break; 
}  //Set note freq. in 9th octave 
 
exp= (9 - octave); 
 
notareal = (noct9/pow (2,exp)); //Calculate note freq. in correct octave 
 
period=(1000000/(2*notareal)); //Calculate period 
 
precarga=380+((65536 - (unsigned int)period)); //Calculate precharge for Timer0 
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INTCONbits.TMR0IE = 1;  // Enable Timer0 
 
WriteTimer0(precarga);  //Set precharge on Timer0 
 
} 
 
/********************************************************************** 
* Function:        void Findnoteduration (unsigned char duracion) 
* PreCondition:    Initializations should be done first, void Playoctnote should be called 
just before this void  
* Input:   Musical duration of the note  
* Output:    None  
* Overview:    Sets duration of the note at 100 bpm , 3/4 bar 
***********************************************************************/ 
void Findnoteduration (unsigned char duracion){ 
 
switch (duracion){   //Set note duration 
 
case negra: 
Delay10KTCYx(60); 
break; 
case corchera: 
Delay10KTCYx(30); 
break; 
case semicorchera: 
Delay10KTCYx(15); 
break; 
case fusa: 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
ANEXO C- Experimentación con sonidos en la placa de desarrollo Open18F4520 Pág. 19 
 
 
 
break; 
case blanca: 
Delay10KTCYx(120); 
break; 
case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
 
}        
  
} 
 
/********************************************************************** 
* Function:        void StopSound (unsigned char duracion)  
* PreCondition:    Initializations should be done first  
* Input:   Musical duration of the silence 
* Output:    None  
* Overview:    Stops sound for the established duration  
***********************************************************************/ 
void StopSound (unsigned char duracion) { 
 
INTCONbits.TMR0IE = 0;  //Disable Timer0 
LATCbits.LATC2 = 0;  //Disconnect buzzer 
 
switch (duracion){  //Set silence duration 
case negra :   
Delay10KTCYx(60);   
break; 
case corchera: 
Delay10KTCYx(30); 
break; 
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case semicorchera: 
Delay10KTCYx(15); 
break; 
case fusa: 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
Delay10KTCYx(120); 
break; 
case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
}        
 
} 
 
 
/****** INTERRUPT ***********************************************/ 
 
#pragma code InterruptVectorHigh = 0x08 
void InterruptVectorHigh(void) 
{ 
 _asm 
  goto InterruptHandlerHigh //jump to interrupt routine (ISR) 
 _endasm 
} 
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//------------------------------------------------- 
 
// High priority interrupt routine (Interrupt Service Routine ISR) 
#pragma code 
#pragma interrupt InterruptHandlerHigh 
void InterruptHandlerHigh() 
{ 
 if(INTCONbits.TMR0IF) // Has Timer0 overflow causing an interrupt? 
 { 
  INTCONbits.TMR0IF = 0; // Clear Interrupt Flag, do not forget it! 
  // User code attending the event... 
  LATCbits.LATC2 = !LATCbits.LATC2; 
  WriteTimer0(precarga); 
 } 
} 
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/********************************************************************** 
 * 
 *                 p18f4520 - Experimenting with sounds 
 * 
 ********************************************************************** 
 * FileName:        optsoundsoftware.c 
 * Processor:       PIC18 
 * Compiler:        MPLAB C18 
 * Author:      Alberto Manchado 
 * Date:            08/12/2014 
 **********************************************************************/ 
 
/****** I N C L U D E S ***********************************************/ 
 
#include "optsoundsoftware.h" // Sound libraries  
#include <p18f4520.h>  // MCU Registers 
#include <delays.h>   // Delay libraries 
#include <timers.h>   // Timer libraries 
#include "ConfigBits.h"  // Configuration Bits for the MCU 
 
/****** GLOBAL CONSTANTS ***********************************************/ 
unsigned int precargaglob; 
const rom unsigned int precarga[12][4]={{35338,50627,58271,62094}, 
     {37054,51485,58701,62308}, 
     {38674,52295,59106,62511}, 
     {40203,53060,59488,62702}, 
     {41646,53781,59849,62882}, 
     {43008,54462,60189,63053}, 
     {44294,55105,60511,63213}, 
     {45508,55712,60814,63365}, 
     {46653,56285,61100,63508}, 
     {47734,56825,61371,63643}, 
     {48755,57335,61626,63771}, 
     {49718,57817,61866,63891}}; 
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/********************************************************************** 
* Function:        void InitSound(void) 
* PreCondition:    Should have connected BUZ to RC2 pin 
* Input:   None 
* Output:    None  
* Overview:    Initializations  
***********************************************************************/ 
void InitSound(void){ 
 
LATCbits.LATC2 = 0; 
 // I/O Ports configuration 
 TRISCbits.TRISC2 = 0; // Configure RC2 pin as an output 
 
 OpenTimer0(TIMER_INT_ON & T0_16BIT & T0_SOURCE_INT& T0_PS_1_1);
 // PRESCALER = 1, 16 BIT 
INTCON2bits.TMR0IP = 1; // High priority for Timer0 
 RCONbits.IPEN = 1;   // Enable priority levels 
 INTCONbits.GIEH = 1;  // Enable interrupts (global bit)  
} 
 
/********************************************************************** 
* Function:        void Playoctnote(unsigned char octave, unsigned char note) 
* PreCondition:    Initializations should be done first 
* Input:   Octave and note to play  
* Output:    None  
* Overview:    Plays the note  
***********************************************************************/ 
void Playoctnote(unsigned char octave, unsigned char note){ 
 
INTCONbits.TMR0IE = 1; 
precargaglob=precarga[note][octave]; 
WriteTimer0(precargaglob); 
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} 
 
/********************************************************************** 
* Function:        void Findnoteduration (unsigned char duracion) 
* PreCondition:    Initializations should be done first, void Playoctnote should be called 
just before this void  
* Input:   Musical duration of the note  
* Output:    None  
* Overview:    Sets duration of the note at 100 bpm , 3/4 bar 
***********************************************************************/ 
void Findnoteduration (unsigned char duracion){ 
 
switch (duracion){   //Set note duration 
 
case negra: 
Delay10KTCYx(60); 
break; 
case corchera: 
Delay10KTCYx(30); 
break; 
case semicorchera: 
Delay10KTCYx(15); 
break; 
case fusa: 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
Delay10KTCYx(120); 
break; 
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case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
 
}        
  
} 
 
/********************************************************************** 
* Function:        void StopSound (unsigned char duracion)  
* PreCondition:    Initializations should be done first  
* Input:   Musical duration of the silence 
* Output:    None  
* Overview:    Stops sound for the established duration  
***********************************************************************/ 
void StopSound (unsigned char duracion) { 
 
INTCONbits.TMR0IE = 0;  //Disable Timer0 
LATCbits.LATC2 = 0;  //Disconnect buzzer 
 
switch (duracion){  //Set silence duration 
case negra :   
Delay10KTCYx(60);   
break; 
case corchera: 
Delay10KTCYx(30); 
break; 
case semicorchera: 
Delay10KTCYx(15); 
break; 
case fusa: 
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Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
Delay10KTCYx(120); 
break; 
case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
}        
 
} 
 
 
/****** INTERRUPT ***********************************************/ 
 
#pragma code InterruptVectorHigh = 0x08 
void InterruptVectorHigh(void) 
{ 
 _asm 
  goto InterruptHandlerHigh //jump to interrupt routine (ISR) 
 _endasm 
} 
//------------------------------------------------- 
 
// High priority interrupt routine (Interrupt Service Routine ISR) 
#pragma code 
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#pragma interrupt InterruptHandlerHigh 
void InterruptHandlerHigh() 
{ 
 if(INTCONbits.TMR0IF) // Has Timer0 overflow causing an interrupt? 
 { 
  INTCONbits.TMR0IF = 0; // Clear Interrupt Flag, do not forget it! 
  // User code attending the event... 
  LATCbits.LATC2 = !LATCbits.LATC2; 
  WriteTimer0(precargaglob); 
 } 
} 
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/********************************************************************** 
 * 
 *                 p18f4520 - Experimenting with sounds 
 * 
 ********************************************************************** 
 * FileName:        sound.c 
 * Processor:       PIC18 
 * Compiler:        MPLAB C18 
 * Author:      Alberto Manchado 
 * Date:            08/12/2014 
 **********************************************************************/ 
 
/****** I N C L U D E S ***********************************************/ 
#include "sound.h" 
#include <math.h>   // Math libraries 
#include <p18f4520.h>  // MCU Registers 
#include <delays.h>   // Delay libraries 
#include <timers.h>   // Timer libraries 
#include <pwm.h>    // PWM libraries 
#include "ConfigBits.h"  // Configuration Bits for the MCU 
 
 
 
/****** GLOBAL CONSTANTS ***********************************************/ 
 
const rom unsigned char period[12][6]={{238,118,59,29,14,6}, 
     {224,112,55,27,13,6}, 
     {212,105,52,26,12,6}, 
     {200,99,49,24,12,5}, 
     {189,94,46,23,11,5}, 
     {178,88,44,21,10,5}, 
     {168,83,41,20,10,4}, 
     {158,79,39,19,9,4}, 
     {149,74,37,18,8,4}, 
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     {141,70,35,17,8,3}, 
     {133,66,33,16,7,3}, 
     {126,62,31,15,7,3}}; 
 
const rom unsigned int dutycycle[12][6]={{478,239,119,60,30,15}, 
     {451,225,113,56,28,14}, 
     {426,213,106,53,27,13}, 
     {402,201,100,50,25,13}, 
     {379,190,95,47,24,12}, 
     {358,179,89,45,22,11}, 
     {338,169,84,42,21,11}, 
     {319,159,80,40,20,10}, 
     {301,150,75,38,19,9}, 
     {284,142,71,36,18,9}, 
     {268,134,67,34,17,8}, 
     {253,127,63,32,16,8}}; 
 
 
unsigned int precargaglob; 
const rom unsigned int precarga[12][4]={{35338,50627,58271,62094}, 
     {37054,51485,58701,62308}, 
     {38674,52295,59106,62511}, 
     {40203,53060,59488,62702}, 
     {41646,53781,59849,62882}, 
     {43008,54462,60189,63053}, 
     {44294,55105,60511,63213}, 
     {45508,55712,60814,63365}, 
     {46653,56285,61100,63508}, 
     {47734,56825,61371,63643}, 
     {48755,57335,61626,63771}, 
     {49718,57817,61866,63891}}; 
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/********************************************************************** 
* Function:        void InitSound(void) 
* PreCondition:    Should have connected BUZ to RC2 pin 
* Input:   None 
* Output:    None  
* Overview:    Sound Initializations  
***********************************************************************/ 
 
void InitSound(void){ 
 
LATCbits.LATC2 = 0; 
 // I/O Ports configuration 
 TRISCbits.TRISC2 = 0; // Configure RC2 pin as an output 
 
} 
 
/********************************************************************** 
* Function:        void InitHardware(void) 
* PreCondition:    Sound Initializations should be done first 
* Input:   None  
* Output:    None  
* Overview:    Hardware Initializations for 4-9th octaves  
***********************************************************************/ 
 
void InitHardware(void){ 
OpenTimer2(TIMER_INT_OFF & T2_PS_1_16); // PRESCALER = 16 
} 
 
/********************************************************************** 
* Function:        void CloseHardware(void) 
* PreCondition:    Initializations should be done first 
* Input:   None 
* Output:    None  
* Overview:    Closes Hardware process  
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***********************************************************************/ 
 
void CloseHardware(void){ 
ClosePWM1(); 
CloseTimer2(); 
} 
 
/********************************************************************** 
* Function:        void InitSoftware(void) 
* PreCondition:    Sound Initializations should be done first 
* Input:   None  
* Output:    None  
* Overview:    Software Initializations for 0-3rd octaves.  
***********************************************************************/ 
 
void InitSoftware(void){ 
 
 
 OpenTimer0(TIMER_INT_ON & T0_16BIT & T0_SOURCE_INT& T0_PS_1_1);
 // PRESCALER = 1, 16 BIT 
INTCON2bits.TMR0IP = 1; // High priority for Timer0 
 RCONbits.IPEN = 1;   // Enable priority levels 
 INTCONbits.GIEH = 1;  // Enable interrupts (global bit)  
 
} 
 
/********************************************************************** 
* Function:        void CloseSoftware(void) 
* PreCondition:    Initializations should be done first 
* Input:   None 
* Output:    None  
* Overview:    Closes Software process  
***********************************************************************/ 
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void CloseSoftware(void){ 
CloseTimer0(); 
 RCONbits.IPEN = 0;   // Disable priority levels 
 INTCONbits.GIEH = 0;  // Disable interrupts (global bit)  
 
} 
 
/********************************************************************** 
* Function:        void Playhighoctnote(unsigned char octave, unsigned char note) 
* PreCondition:    Initializations should be done first 
* Input:   Octave and note to play  
* Output:    None  
* Overview:    Plays a note between 4-9th octave  
***********************************************************************/ 
 
void Playhighoctnote(unsigned char octave, unsigned char note){ 
OpenPWM1(period[note][octave-4]); //Play the note 
SetDCPWM1(dutycycle[note][octave-4]); //Set a duty cycle 
} 
 
/********************************************************************** 
* Function:        void Playlowoctnote(unsigned char octave, unsigned char note) 
* PreCondition:    Initializations should be done first 
* Input:   Octave and note to play  
* Output:    None  
* Overview:    Plays a note between 0-3rd octave 
***********************************************************************/ 
 
void Playlowoctnote(unsigned char octave, unsigned char note){ 
 
INTCONbits.TMR0IE = 1; 
precargaglob=precarga[note][octave]; 
WriteTimer0(precargaglob); 
} 
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/********************************************************************** 
* Function:        void Findnoteduration (unsigned char duracion) 
* PreCondition:    Initializations should be done first, void Playgreatoctnote or void 
Playlowoctavenote should be called just before this void  
* Input:   Musical duration of the note  
* Output:    None  
* Overview:    Sets duration of the note at 100 bpm , 3/4 bar 
***********************************************************************/ 
 
void Findnoteduration (unsigned char duracion){ 
 
switch (duracion){   //Set note duration 
 
case negra : 
Delay10KTCYx(60); 
break; 
case corchera: 
Delay10KTCYx(30); 
break; 
case semicorchera: 
Delay10KTCYx(15); 
break; 
case fusa: 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
Delay10KTCYx(120); 
break; 
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case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
}         
} 
 
/********************************************************************** 
* Function:        void StopSound (unsigned char duracion, unsigned char 
previousoctave)  
* PreCondition:    Initializations should be done first  
* Input:   Musical duration of the silence, octave of last note played (high/low) 
* Output:    None  
* Overview:    Stops sound for the established duration  
***********************************************************************/ 
 
void StopSound (unsigned char duracion, unsigned char previousoctave) { 
if(previousoctave>3){ 
switch (duracion){   //Set silence duration 
 
case negra : 
SetDCPWM1(0); 
Delay10KTCYx(60); 
break; 
case corchera: 
SetDCPWM1(0); 
Delay10KTCYx(30); 
break; 
case semicorchera: 
SetDCPWM1(0); 
Delay10KTCYx(15); 
break; 
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case fusa: 
SetDCPWM1(0); 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
SetDCPWM1(0); 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
SetDCPWM1(0); 
Delay10KTCYx(120); 
break; 
case blancap: 
SetDCPWM1(0); 
Delay10KTCYx(180); 
break; 
case negrap: 
SetDCPWM1(0); 
Delay10KTCYx(90); 
break; 
 
}        
 
} 
else{ 
INTCONbits.TMR0IE = 0;  //Disable Timer0 
LATCbits.LATC2 = 0;  //Disconnect buzzer 
 
switch (duracion){  //Set silence duration 
case negra :   
Delay10KTCYx(60);   
break; 
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case corchera: 
Delay10KTCYx(30); 
break; 
case semicorchera: 
Delay10KTCYx(15); 
break; 
case fusa: 
Delay10KTCYx(7); 
Delay1KTCYx(5); 
break; 
case semifusa: 
Delay10KTCYx(3); 
Delay100TCYx(75); 
break; 
case blanca: 
Delay10KTCYx(120); 
break; 
case blancap: 
Delay10KTCYx(180); 
break; 
case negrap: 
Delay10KTCYx(90); 
break; 
}        
} 
} 
 
/********************************************************************** 
* Function:        void Playoctnote (unsigned char newoctave, unsigned char 
previousoctave, unsigned char note, unsigned char i) 
* PreCondition:    Initializations should be done first 
* Input:   Octave of the note to play, octave of the previous note played, note to play, SI 
(if it's first note of song) or NO (not first note) 
* Output:    None  
* Overview:    Plays the specified note in the specified octave 
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***********************************************************************/ 
 
void Playoctnote (unsigned char newoctave, unsigned char previousoctave, unsigned 
char note, unsigned char first){ 
if (first==SI){ 
if(newoctave >3){ 
InitHardware(); 
} 
else { 
InitSoftware(); 
} 
} 
else { 
} 
 
if(newoctave>3){ 
if(previousoctave>3){ 
Playhighoctnote(newoctave, note); 
} 
else { 
CloseSoftware(); 
InitHardware(); 
Playhighoctnote(newoctave, note); 
  
} 
} 
else{ 
if(previousoctave>3){ 
CloseHardware(); 
InitSoftware(); 
Playlowoctnote(newoctave, note); 
 
} 
else { 
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Playlowoctnote(newoctave, note); 
} 
} 
} 
 
 
/****** INTERRUPT ***********************************************/ 
 
#pragma code InterruptVectorHigh = 0x08 
void InterruptVectorHigh(void) 
{ 
 _asm 
  goto InterruptHandlerHigh //jump to interrupt routine (ISR) 
 _endasm 
} 
//------------------------------------------------- 
 
// High priority interrupt routine (Interrupt Service Routine ISR) 
#pragma code 
#pragma interrupt InterruptHandlerHigh 
void InterruptHandlerHigh() 
{ 
 if(INTCONbits.TMR0IF) // Has Timer0 overflow causing an interrupt? 
 { 
  INTCONbits.TMR0IF = 0; // Clear Interrupt Flag, do not forget it! 
  // User code attending the event... 
  LATCbits.LATC2 = !LATCbits.LATC2; 
  WriteTimer0(precargaglob); 
 } 
} 
 
 
 
 
ANEXO D: 
MANUALES DE USUARIO 
UPC BarcelonaTech P18F4520 Lib User Manual 
 
C Library for the P18F4520- Experimenting with Sounds 
 
 
INTRODUCTION 
This library let the user to use p18f4520 - Experimenting with sounds using C programming 
language. A set of routines and functions have been written for an easy use.  
 
HOW TO USE IT 
You will need in your working directory the following 2 files: 
-soundhardware.c 
-soundhardware.h 
Just add in your main.c the following sentence: 
#include “soundhardware.h” 
In your project, add to your source file directory the soundhardware.c file. 
 
PREREQUISITS 
You will need to have connected BUZ to RC2 pin in your p18f4520. Initializations are done with 
the function InitSound described below (call this function once and only once). 
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p18f4520 API FUNCTIONS 
Function Name Description 
InitSound This function configures the p18f4520 to 
start making sounds. 
Playoctnote This function plays a musical note between 4-
9th octave of MIDI range. 
Findnoteduration This function sets duration of a note at 100 
bpm, 3 / 4 bar. 
StopSound This functions stops making sound for a 
specified duration. 
Table 1: p18f4520 Functions 
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APPENDIX A: PCF8563 FUNCTIONS 
InitSound 
Configures p18f4520 to start making sounds. 
 
Syntax 
void InitSound(void); 
 
Parameter 
None 
 
Return Values 
None 
 
Precondition 
You should have connected BUZ to RC2 pin.  
 
Side Effects 
None 
 
Example 
// Initializing the p18f4520 
InitSound(); 
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Playoctnote 
Plays the specified note of the specified octave. 
 
Syntax 
void Playoctnote(unsigned char octave, unsigned char note); 
 
Parameter 
-Octave of the note to play. This parameter should have int value from 4 to 9.  
-Note to play. This parameter should have one of the following possible values, used in Solmization (Latin 
musical notation system):  
Do , Dom, Re, Rem, Mi, Fa, Fam, Sol, Solm, La, Lam, Si  
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing Do in 7th octave 
Playoctnote(7,Do); 
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Findnoteduration 
Sets duration of a note at 100 bpm, 3 / 4 bar. 
 
Syntax 
void Findnoteduration (unsigned char duracion); 
 
Parameter 
-Duration of the note in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Use this function just after Playoctnote . Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing half note do in 7th octave 
Playoctnote(7,Do); 
Findnoteduration(blanca); 
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StopSound 
Stops making sound for a specified musical duration. The duration is specified at 100 bpm, 3 / 4 bar. 
 
Syntax 
void StopSound (unsigned char duracion); 
Parameter 
-Duration of the silence in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
 
Side Effects 
None 
 
Example 
// Stop making sound for a half note duration 
StopSound(blanca); 
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C Library for the P18F4520- Experimenting with Sounds 
 
 
INTRODUCTION 
This library let the user to use p18f4520 - Experimenting with sounds using C programming 
language. A set of routines and functions have been written for an easy use.  
 
HOW TO USE IT 
You will need in your working directory the following 2 files: 
-optsoundhardware.c 
-optsoundhardware.h 
Just add in your main.c the following sentence: 
#include “optsoundhardware.h” 
In your project, add to your source file directory the optsoundhardware.c file. 
 
PREREQUISITS 
You will need to have connected BUZ to RC2 pin in your p18f4520. Initializations are done with 
the function InitSound described below (call this function once and only once). 
  
p18f4520 Lib  
 
© 2014  UPC ETSEIB Doc. p18f4520 Lib - 2 
 
p18f4520 API FUNCTIONS 
Function Name Description 
InitSound This function configures the p18f4520 to 
start making sounds. 
Playoctnote This function plays a musical note between 4-
9th octave of MIDI range. 
Findnoteduration This function sets duration of a note at 100 
bpm, 3 / 4 bar 
StopSound This functions stops making sound for a 
specified duration. 
Table 1: p18f4520 Functions 
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APPENDIX A: PCF8563 FUNCTIONS 
InitSound 
Configures p18f4520 to start making sounds. 
 
Syntax 
void InitSound(void); 
 
Parameter 
None 
 
Return Values 
None 
 
Precondition 
You should have connected BUZ to RC2 pin.  
 
Side Effects 
None 
 
Example 
// Initializing the p18f4520 
InitSound(); 
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Playoctnote 
Plays the specified note of the specified octave. 
 
Syntax 
void Playoctnote(unsigned char octave, unsigned char note); 
 
Parameter 
-Octave of the note to play. This parameter should have int value from 4 to 9.  
-Note to play. This parameter should have one of the following possible values, used in Solmization (Latin 
musical notation system):  
Do , Dom, Re, Rem, Mi, Fa, Fam, Sol, Solm, La, Lam, Si  
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing Do in 7th octave 
Playoctnote(7,Do); 
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Findnoteduration 
Sets duration of a note at 100 bpm, 3 / 4 bar. 
 
Syntax 
void Findnoteduration (unsigned char duracion); 
 
Parameter 
-Duration of the note in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Use this function just after Playoctnote . Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing half note do in 7th octave 
Playoctnote(7,Do); 
Findnoteduration(blanca); 
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StopSound 
Stops making sound for a specified musical duration. The duration is specified at 100 bpm, 3 / 4 bar. 
 
Syntax 
void StopSound (unsigned char duracion); 
Parameter 
-Duration of the silence in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
 
Side Effects 
None 
 
Example 
// Stop making sound for a half note duration 
StopSound(blanca); 
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C Library for the P18F4520- Experimenting with Sounds 
 
 
INTRODUCTION 
This library let the user to use p18f4520 - Experimenting with sounds using C programming 
language. A set of routines and functions have been written for an easy use.  
 
HOW TO USE IT 
You will need in your working directory the following 2 files: 
-soundsoftware.c 
-soundsoftware.h 
Just add in your main.c the following sentence: 
#include “soundsoftware.h” 
In your project, add to your source file directory the soundsoftware.c file. 
 
PREREQUISITS 
You will need to have connected BUZ to RC2 pin in your p18f4520. Initializations are done with 
the function InitSound described below (call this function once and only once). 
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p18f4520 API FUNCTIONS 
Function Name Description 
InitSound This function configures the p18f4520 to 
start making sounds. 
Playoctnote This function plays a musical note between 0-
3rd octave of MIDI range. 
Findnoteduration This function sets duration of a note at 100 
bpm, 3 / 4 bar 
StopSound This functions stops making sound for a 
specified duration. 
Table 1: p18f4520 Functions 
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APPENDIX A: PCF8563 FUNCTIONS 
InitSound 
Configures p18f4520 to start making sounds. 
 
Syntax 
void InitSound(void); 
 
Parameter 
None 
 
Return Values 
None 
 
Precondition 
You should have connected BUZ to RC2 pin.  
 
Side Effects 
None 
 
Example 
// Initializing the p18f4520 
InitSound(); 
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Playoctnote 
Plays the specified note of the specified octave. 
 
Syntax 
void Playoctnote(unsigned char octave, unsigned char note); 
 
Parameter 
-Octave of the note to play. This parameter should have int value from 0 to 3.  
-Note to play. This parameter should have one of the following possible values, used in Solmization (Latin 
musical notation system):  
Do , Dom, Re, Rem, Mi, Fa, Fam, Sol, Solm, La, Lam, Si  
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing Do in 3rd octave 
Playoctnote(3,Do); 
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Findnoteduration 
Sets duration of a note at 100 bpm, 3 / 4 bar. 
 
Syntax 
void Findnoteduration (unsigned char duracion); 
 
Parameter 
-Duration of the note in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Use this function just after Playoctnote . Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing half note do in 3rd octave 
Playoctnote(3,Do); 
Findnoteduration(blanca); 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
p18f4520 Lib  
 
© 2014  UPC ETSEIB Doc. p18f4520 Lib - 6 
 
StopSound 
Stops making sound for a specified musical duration. The duration is specified at 100 bpm, 3 / 4 bar. 
 
Syntax 
void StopSound (unsigned char duracion); 
Parameter 
-Duration of the silence in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
 
Side Effects 
None 
 
Example 
// Stop making sound for a half note duration 
StopSound(blanca); 
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C Library for the P18F4520- Experimenting with Sounds 
 
 
INTRODUCTION 
This library let the user to use p18f4520 - Experimenting with sounds using C programming 
language. A set of routines and functions have been written for an easy use.  
 
HOW TO USE IT 
You will need in your working directory the following 2 files: 
-optsoundsoftware.c 
-optsoundsoftware.h 
Just add in your main.c the following sentence: 
#include “optsoundsoftware.h” 
In your project, add to your source file directory the optsoundsoftware.c file. 
 
PREREQUISITS 
You will need to have connected BUZ to RC2 pin in your p18f4520. Initializations are done with 
the function InitSound described below (call this function once and only once). 
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p18f4520 API FUNCTIONS 
Function Name Description 
InitSound This function configures the p18f4520 to 
start making sounds. 
Playoctnote This function plays a musical note between 0-
3rd octave of MIDI range. 
Findnoteduration This function sets duration of a note at 100 
bpm, 3 / 4 bar. 
StopSound This functions stops making sound for a 
specified duration. 
Table 1: p18f4520 Functions 
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APPENDIX A: PCF8563 FUNCTIONS 
InitSound 
Configures p18f4520 to start making sounds. 
 
Syntax 
void InitSound(void); 
 
Parameter 
None 
 
Return Values 
None 
 
Precondition 
You should have connected BUZ to RC2 pin.  
 
Side Effects 
None 
 
Example 
// Initializing the p18f4520 
InitSound(); 
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Playoctnote 
Plays the specified note of the specified octave. 
 
Syntax 
void Playoctnote(unsigned char octave, unsigned char note); 
 
Parameter 
-Octave of the note to play. This parameter should have int value from 0 to 3.  
-Note to play. This parameter should have one of the following possible values, used in Solmization (Latin 
musical notation system):  
Do , Dom, Re, Rem, Mi, Fa, Fam, Sol, Solm, La, Lam, Si  
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing Do in 3rd octave 
Playoctnote(3,Do); 
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Findnoteduration 
Sets duration of a note at 100 bpm, 3 / 4 bar. 
 
Syntax 
void Findnoteduration (unsigned char duracion); 
 
Parameter 
-Duration of the note in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Use this function just after Playoctnote . Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing half note do in 3rd octave 
Playoctnote(3,Do); 
Findnoteduration(blanca); 
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StopSound 
Stops making sound for a specified musical duration. The duration is specified at 100 bpm, 3 / 4 bar. 
 
Syntax 
void StopSound (unsigned char duracion); 
Parameter 
-Duration of the silence in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
 
Side Effects 
None 
 
Example 
// Stop making sound for a half note duration 
StopSound(blanca); 
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C Library for the P18F4520- Experimenting with Sounds 
 
 
 
 
 
 
 
INTRODUCTION 
This library let the user to use p18f4520 - Experimenting with sounds using C programming 
language. A set of routines and functions have been written for an easy use.  
 
HOW TO USE IT 
You will need in your working directory the following 2 files: 
-sound.c 
-sound.h 
Just add in your main.c the following sentence: 
#include “sound.h” 
In your project, add to your source file directory the sound.c file.  
 
PREREQUISITS 
You will need to have connected BUZ to RC2 pin in your p18f4520. Initializations are done with 
the function InitSound described below (call this function once and only once). 
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p18f4520 API FUNCTIONS 
Function Name Description 
InitSound This function configures the p18f4520 to 
start making sounds. 
Playoctnote This function plays a musical note between 0-
9th octave of MIDI range. 
Findnoteduration This function sets duration of a note at 100 
bpm, 3 / 4 bar. 
StopSound This functions stops making sound for a 
specified duration. 
Table 1: p18f4520 Functions 
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APPENDIX A: PCF8563 FUNCTIONS 
InitSound 
Configures p18f4520 to start making sounds. 
 
Syntax 
void InitSound(void); 
 
Parameter 
None 
 
Return Values 
None 
 
Precondition 
You should have connected BUZ to RC2 pin.  
 
Side Effects 
None 
 
Example 
// Initializing the p18f4520 
InitSound(); 
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Playoctnote 
Plays the specified note of the specified octave. 
 
Syntax 
void Playoctnote (unsigned char newoctave, unsigned char previousoctave, 
unsigned char note, unsigned char first); 
 
Parameter 
-Octave of the note to play. This parameter should have int value from 0 to 9.  
-Octave of the last note played. This parameter should have int value from 0 to 9. If no previous notes 
were played, just put any int value from 0 to 9 anyways. 
-Note to play. This parameter should have one of the following possible values, used in Solmization (Latin 
musical notation system):  
Do , Dom, Re, Rem, Mi, Fa, Fam, Sol, Solm, La, Lam, Si  
-Indicator of first note. This parameter should have the value SI if it’s the first time this function is called or 
NO if it’s not. 
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
Side Effects 
None 
 
Example 
/* Playing Do in 7th octave, this function was called at least once before, 
and last note played was in 4th octave */ 
 
Playoctnote(7,4,Do,NO); 
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Findnoteduration 
Sets duration of a note at 100 bpm, 3 / 4 bar. 
 
Syntax 
void Findnoteduration (unsigned char duracion); 
 
Parameter 
-Duration of the note in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
 
Return Values 
None 
 
Precondition 
Use this function just after Playoctnote . Initializations should be done first. 
 
Side Effects 
None 
 
Example 
// Playing half note do in 7th octave 
Playhighoctnote(7,Do); 
Findnoteduration(blanca); 
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StopSound 
Stops making sound for a specified musical duration. The duration is specified at 100 bpm, 3 / 4 bar. 
 
Syntax 
void StopSound (unsigned char duracion, unsigned char previousoctave); 
Parameter 
-Duration of the silence in Spanish language. This parameter should have one of the following possible 
values: 
negra, corchera, semicorchera, fusa, semifusa, blanca, blancap, negrap 
-Octave of the previous note played.  
 
Return Values 
None 
 
Precondition 
Initializations should be done first. 
 
 
Side Effects 
None 
 
Example 
// Stop making sound for a half note duration 
StopSound(blanca,4); 
 
 
